more closely with strains of the genus Pyrobaculum than with those in the genus Thermoproteus. Based on phylogenetic comparison of rRNA gene sequences and ribosomal proteins, we propose that strain V24Sta
T be reclassified as Pyrobaculum neutrophilum comb. nov., with the type strain V24Sta T (5DSM 2338 T 5JCM 9278 T ). An emended description of the genus Pyrobaculum is also presented.
Thermoproteus neutrophilus V24Sta
T is a hyperthermophilic crenarchaeon originally isolated from a hot spring in Kerlingarfjöll, Iceland. Together with other crenarchaea, including Thermoproteus tenax, Thermodiscus maritimus and Pyrodictium occultum, T. neutrophilus was among the first organisms observed to grow chemolithoautotrophically using hydrogen as its sole electron source, elemental sulfur as the terminal electron acceptor and carbon dioxide as the sole carbon source (Fischer et al., 1983) . Although no formal species description was published, T. neutrophilus was classified as a member of the genus Thermoproteus (in the family Thermoproteaceae and the order Thermoproteales), first described in 1981 along with T. tenax, the founding member and type-species (Zillig et al., 1981) . At the time, a distinguishing feature of T. neutrophilus was its preference for growth media with circumneutral pH (pH 6.5) when compared with T. tenax and other putative members of the genus, all of which grew optimally at moderately acidic pH. This trait was reflected in its name, T. neutrophilus, which was validly published in 1989 by inclusion in Validation List no. 31 in the International Journal of Systematic Bacteriology (Stetter & Zillig, 1989a, b) . In addition to T. tenax and T. neutrophilus, T. uzoniensis is the only other member of the genus Thermoproteus described to date with a validly published name (Bonch-Osmolovskaya et al., 1990) .
A new hyperthermophilic crenarchaeal genus of the family Thermoproteaceae, Pyrobaculum, was first described in 1987, with Pyrobaculum islandicum (type species) and Pyrobaculum organotrophum as founding members (Huber et al., 1987) . Like previously described members of the genus Thermoproteus, the novel species of the genus Pyrobaculum were obligate anaerobes exhibiting rod-like cell morphology with occasional terminal buds (so-called 'golf clubs'), and the capacity to use sulfur as a terminal electron acceptor for chemolithotrophic or organotrophic growth. Subsequently described members of the genus Pyrobaculum include both aerobes and anaerobes and display exceptionally broad diversity and versatility in their metabolic features (Amo et al., 2002; Huber et al., 2000; Sako et al., 2001; Völkl et al., 1993) . Members of the genus Pyrobaculum can be differentiated from those of the genus Thermoproteus by a number of characteristics: growth temperature optima approximately 12 u C higher than Thermoproteus strains; higher growth pH optima; genomic G+C content approximately 10 % lower as determined by melting point analysis and high performance liquid chromatography; and the absence of multicellular filaments in growth cultures (a characteristic feature of T. tenax). It is noteworthy that in DNA-DNA hybridization experiments conducted to establish phylogenetic relationships within the clade (Huber et al., 1987) , T. neutrophilus showed greater affinity for species of the genus Pyrobaculum than for T. tenax.
With the increasing availability of gene and genome sequences, researchers have been able to perform more thorough phylogenetic analyses of the family Thermoproteaceae. Phylogenetic analyses based on 16S rRNA and RNA polymerase subunit gene sequences have revealed that T. neutrophilus clusters with species of the genus Pyrobaculum, and is most closely related to P. organotrophum and P. islandicum, as opposed to other members of the genus Thermoproteus (Amo et al., 2002; Fitz-Gibbon et al.,Siebers et al., 2011) . Complete genome sequences also show that T. neutrophilus V24Sta T has 59.9 % DNA G+C content, which is 10 % higher than that of P. islandicum GEO3 T , and higher than any other species of the genus Pyrobaculum for which complete genome sequence information is available (Benson et al., 2011; Chan et al., 2012) . This unusually large shift in DNA G+C content among closely related species may have contributed to less accurate phylogenetic classification based on DNA-DNA hybridization. To re-evaluate the taxonomic status of these taxa, we compared the 16S and 23S rRNA gene sequences and found that the sequences of strain V24Sta T had .98 % similarity to those of species of the genus Pyrobaculum, and had a relatively lower similarity (¡95.5 %) to the species of the genus Thermoproteus.
The phylogenetic tree of 23S and 16S rRNA gene sequence alignments using the maximum-likelihood algorithm placed strain V24Sta
T with P. islandicum GEO3 T in the Pyrobaculum cluster (Fig. 1a) , which was consistent with trees constructed using the neighbour-joining method (not shown) and previously published 16S rRNA gene sequence trees (Amo et al., 2002; Fitz-Gibbon et al., 2002; Huber et al., 2006; Itoh et al., 2002; Sako et al., 2001 ). In addition, we retrieved the amino acid sequences of 64 ribosomal proteins from each complete genome available for members of the genera Pyrobaculum and Thermoproteus, and their respective orthologues from selected crenarchaeal relatives to build a protein-based neighbour-joining phylogenetic tree (Fig. 1b) . The analysis demonstrated consistent placement of strain V24Sta T as part of the Pyrobaculum cluster with the maximum-likelihood method (not shown) and in agreement with both versions of the rRNA gene sequence tree. Therefore, it is evident that strain V24Sta T belongs to the genus Pyrobaculum. Although the name 'Pyrobaculum neutrophilum' has been previously used to describe a single 16S rRNA gene sequence (GenBank accession no. X81886), this name has not been validly published. The 16S rRNA gene sequence of strain V24Sta
T has a 98.4 % similarity to that of 'P. neutrophilum', the same similarity as strain V24Sta
T has to P. calidifontis VA1. Thus, we propose a new combination, Pyrobaculum neutrophilum Stetter and Zillig 1989 comb. nov., with the type strain V24Sta T . To date, the family Thermoproteaceae contains five published genera: Thermoproteus, Pyrobaculum, Thermocladium, Caldivirga and Vulcanisaeta. 
Thermoproteus uzoniensis 768-20
Pyrobaculum calidifontis VA1 T
Pyrobaculum aerophilum IM2 T
Pyrobaculum arsenaticum PZ6* T Fig. 1 . Phylogenetic trees showing members of the genera Pyrobaculum and Thermoproteus with closely related crenarchaeal neighbours. (a) Maximum-likelihood tree generated based on the concatenation of 23S and 16S rRNA gene sequences. Sequences were aligned using MAFFT (Katoh & Toh, 2010) . Alignments were manually adjusted using JALVIEW (Waterhouse et al., 2009 ) to remove introns. The tree was computed using PHYML (Guindon et al., 2010) with the general time-reversible model of sequence evolution. Numbers at nodes represent non-parametric bootstrap values computed by PHYML (Guindon et al., 2010) with 1000 replications of the original dataset. (b) Neighbour-joining tree constructed based on the sequence alignments of 64 ribosomal proteins. Sequences were aligned using MUSCLE (Edgar, 2004) and manually adjusted using JALVIEW (Waterhouse et al., 2009 ) to remove inteins. Bootstrapping was performed on 1000 replicates using the SEQBOOT program of the PHYLIP package (Felsenstein, 1989 (Felsenstein, , 2009 . Branch lengths and maximum-likelihood-distance matrices were computed using a JTT model including a Gamma-law and eight discrete classes with TREE-PUZZLE (Schmidt et al., 2002) . The NEIGHBOR program was used to construct the trees. The extended majority rule consensus tree with bootstrap values at the tree nodes was inferred with CONSENSE from the PHYLIP package (Felsenstein, 1989 (Felsenstein, , 2009 The description is the same as that given for Thermoproteus neutrophilus (Stetter & Zillig, 1989b) . The type strain is V24Sta
Emended description of the genus Pyrobaculum Huber et al. 1988
The description is as given by Huber et al. (1987) with the following additions. Species in the genus include P. aerophilum, P. arsenaticum, P. calidifontis, P. islandicum, P. oguniense, P. organotrophum and P. neutrophilum (Amo et al., 2002; Huber et al., 1987 Huber et al., , 2000 Sako et al., 2001; Völkl et al., 1993) . Optimal growth is typically between 85 u C and 100 u C, and between pH 6 and pH 7. The genus includes both obligate anaerobes (P. arsenaticum, P. islandicum, P. organotrophum, P. neutrophilum) and facultative aerobes (P. aerophilum, P. calidifontis, P. oguniense). Several species are facultative chemoautotrophs and most exhibit robust growth under organotrophic conditions in media supplemented with proteinaceous substrates (e.g. tryptone); P. neutrophilum is an exception in this respect, but chemotrophic growth on hydrogen, elemental sulfur, and carbon dioxide can be enhanced with addition of organic acids (Ramos-Vera et al., 2010; Schäfer et al., 1986) . The G+C content of genomic DNA, as determined by complete genome sequencing, is 50-60 mol%. The type species is Pyrobaculum islandicum.
